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Introduction: Evaluation of the systemic inflammatory status following major orthopedic 
trauma has become an important adjunct in basing post-injury clinical decisions. In the present 
study, we examined the correlation of serum and lung inflammatory marker levels following 
bilateral femur fracture.
Materials and methods: 45 Sprague Dawley rats underwent sham operation or bilateral 
femoral intramedullary pinning and mid-diaphyseal closed fracture via blunt guillotine. Animals 
were euthanized at specific time points after injury. Serum and lung tissue were collected, and 
24 inflammatory markers were analyzed by immunoassay. Lung histology was evaluated by 
a blinded pathologist.
Results: Bilateral femur fracture significantly increased serum markers of inflammation 
  including interleukin (IL)-2, IL-6, IL-10, GM-CSF, KC/GRO, MCP-1, and WBC. Femur fracture 
  significantly increased serum and lung levels of IL-1a and KC/GRO at 6 hours. Lung levels of 
IL-6   demonstrated a trend towards significance. Histologic changes in pulmonary tissue after 
fracture included pulmonary edema and bone elements including cellular hematopoietic cells, 
bone fragments and marrow emboli.
Discussion and conclusion: Our results indicate that bilateral femur fracture with fixation in 
rats results in increases in serum markers of inflammation. Among the inflammatory markers 
measured, rise in the serum KC/GRO (CINC-1), a homolog to human IL-8, correlated with 
elevated levels of lung KC/GRO. Ultimately, analysis of serum levels of KC/GRO (CINC-1), 
or human IL-8, may be a useful adjunct to guide clinical decisions regarding surgical timing.
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Introduction
The magnitude of inflammatory response following major trauma has been implicated 
in the development of systemic complications including multiorgan failure and adult 
respiratory distress syndrome (ARDS).1 Along with the stress response from the initial 
traumatic insult, operative procedures have also been shown to contribute to the overall 
degree of the inflammatory response.2,3 Surgical stress is associated with the release of 
proinflammatory mediators, the priming of circulating neutrophils, and alterations in the 
fibrinolytic and coagulatory cascades, independent of the initial traumatic injury.1 An 
ill-timed or extensive surgical procedure in a multiply injured patient may propagate 
an already elevated inflammatory response placing the patient at risk for end-organ 
injury. Quantification of the inflammatory response in patients after major injury is 
important to help guide clinical decisions and optimize surgical timing.Journal of Inflammation Research 2010:3 submit your manuscript | www.dovepress.com
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However, assessment of the real-time inflammatory 
status in the post-trauma patient has proven difficult. This 
is because traditionally used clinical parameters, including 
urinary output, blood gases, ventilation status, and vital 
signs have limited sensitivity in screening patients at risk for 
inflammatory injury.4 Because of the concern for pulmonary 
injury in this population, spelcifically the development of 
post-fracture fixation ARDS, screening for elevated levels 
of inflammation may be beneficial in optimizing timing for 
surgical intervention. Currently the diagnosis of ARDS is 
based on clinical-radiological parameters, which develop 
after the onset of disease.5 Bronchoalveolar lavage and 
lung biopsy can be utilized for the evaluation of pulmonary 
injury; however, these tests are invasive and are not useful 
as a screening tool for most trauma patients in the acute post-
injury setting. Identifying a readily available serum marker 
or panel that would assist in the assessment of progression 
of inflammation or pulmonary inflammatory risk would be 
a useful clinical tool.
The use of serum inflammatory markers in the evaluation 
of the inflammatory response has been shown to be clinically 
useful, readily accessible and may improve sensitivity in 
prediction of potential for injury.6,7,8 Advancing laboratory 
technology has improved the ability to analyze specific 
markers of inflammation, and some investigations have 
evaluated the utility of analyzing inflammatory markers 
in polytrauma patients.6,9 A direct relationship has been 
established between elevated levels of IL-6 and IL-8 and 
degree of injury.7 IL-6 levels have also been shown to be a 
reliable marker of the magnitude of systemic inflammation,10,11 
and early post-injury elevation in IL-6 levels has been shown 
to accurately differentiate trauma patients who would 
later develop organ failure.12 As the biologic basis of the 
inflammatory response is better understood, the use of 
clinically measurable inflammatory markers will improve 
the perioperative analysis of multiply injured patients.
Several studies have demonstrated that traumatic femur 
fracture in rodents initiates inflammatory-related pathologic 
changes in lung tissue, including lung weight changes 
(pulmonary edema), increases in concentration of exhaled 
nitric oxide, increased protein in bronchoalveolar lavage, 
pulmonary hypertension, increases in capillary filtration 
coefficient, and increases in myeloperoxidase levels.13,14 
However, no investigations have demonstrated a relationship 
of serum inflammatory markers with lung markers following 
significant orthopedic injury. Correlating easily measur-
able serum inflammatory markers with pulmonary markers 
would be a useful tool to assist in assessing lung tissue for 
inflammatory damage in the timing of surgical intervention 
following major orthopedic injury. We hypothesize that 
an increase in serum markers of inflammation will occur 
following bilateral femur fracture with stabilization in a rat 
model, and serum increases will also correlate with changes 
in markers of pulmonary inflammatory response.
Methods
experimental design
The Loyola University Institutional Animal Care and Use 
Committee (IACUC) approved the animal protocol used in 
this investigation. 45 male Sprague Dawley rats (average 
weight, 400 g) were used in these experiments. Animals were 
subjected to either sham operation (Sham, n-9) consisting 
of induction of anesthesia and sacrifice, or bilateral femoral 
intramedullary pinning followed by mid-diaphyseal closed 
fracture. Animals were euthanized at 4 specific time periods: 
at 6 hours (n-9), 24 hours (n-9), 48 hours (n-9), and 72 hours 
after injury (n-9). Rats were rendered unconscious by CO2 
inhalation and killed by decapitation. At time of sacrifice, 
fracture creation was confirmed via dissection, and serum 
and lung tissue was collected.
Fracture creation and animal care
The rats were anesthetized with an intraperitoneal injection of 
ketamine (90 mg/kg) and xylazine (10 mg/kg). Before inci-
sion, the animals were administered pre-operative antibiotics 
to ensure aseptic surgery (gentamycin 5 mg/kg) and buprinex 
(0.15 mg/kg) for post-operative pain in concordance with an 
established laboratory animal open surgical protocol. After the 
animal’s hind limb was shaved and washed with a providone-
iodine solution, a medial parapatellar incision (approximately 
0.5 cm) was created. With the knee extended, the patella 
was dislocated laterally and the medullary canal was entered 
through the intercondylar notch. A Dremel Moto-Tool drill 
(Mt. Prospect, IL) with a 1 mm drill bit was used to penetrate 
the articular cartilage and subchondral bone in order to enter the 
intramedullary canal. The canal was reamed with a 21-gauge 
needle, and a 1.25 mm Kirschner wire (Synthes, Monument, 
CA) was inserted through the medullary canal into the proxi-
mal part of the greater trochanter. The distal portion of the pin 
was cut flush with the femoral condyles so as not to interfere 
with knee function. The patella was reduced, and the extensor 
mechanism and skin were closed with 4–0 Vicryl resorbable 
sutures. After the incision was closed, the diaphysis of both 
pinned femurs was fractured with the use of a blunt guillotine 
3-point bending apparatus as described previously. This device 
consisted of a 550 gm weight dropped 15 cm driving a blunt Journal of Inflammation Research 2010:3 submit your manuscript | www.dovepress.com
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guillotine down onto an outstretched rat leg placed across an 
open platform, creating a 3-point bending mechanism.15 This 
resulted in creating a closed femur fracture with soft tissue 
injury consistent with a blunt force injury   (Figure 1). Following 
injury, animals were resuscitated with a 5 cc IP injection of 
normal saline and were allowed to walk freely. Animals were 
caged in pairs, and food was placed on the floor of the cage, and 
the animals were able to drink freely from their water bottle. 
Animals surviving for more than 24 hours were administered 
buprinex for pain control and saline injection (2 cc) for fluid 
resuscitation every 10–12 hours. No animals were sacrificed 
for pain control or abnormal behavior.
Serum and lung cytokine assay
Collected blood was immediately placed on ice and allowed 
to clot for 1 hour. Blood was then centrifuged (250 g-force) 
for 10 minutes. Serum was collected, immediately placed into 
aliquots, and stored at −80°C until analysis. Serum analysis 
of cytokines (Figure 2) was determined by ELISA kits (BD 
  Bioscience, San Diego, CA), including IL-6, IL-10, TNF-α, 
and CRP, or via Lincoplex assay service section (Millipore, 
St Charles, MO). All samples were run with a dilution of 1:2 in 
PBS with 2% bovine serum albumin. WBC differentials were 
performed using a HemaVet 950 FS Veterinary Hematology 
System (Drew Scientific, Dallas, TX). All samples were run 
in duplicates, and the average value is reported.
Lungs were collected immediately after euthanasia. 
A longitudinal midline thoracotomy incision was made, 
and the ribs separated from the sternum. The pulmonary 
vasculature was isolated and severed. The pulmonary tree 
was isolated, and the right upper lung lobe was separated 
and snap-frozen in liquid nitrogen and stored at −80°C 
until processing. Lungs were prepared for ELISA analysis 
by adding 1 mL of buffer (Roche Mini Complete, EDTA 
free protease inhibitor cocktail) to an average of 140 mg 
of sample. This solution was then subjected to a single 
freeze-thaw cycle at −80°C and subsequent homogenizing, 
sonicating, and filtering prior to aliquot and refreeze until 
analysis at −80°C.
Lung analysis was also conducted by the Lincoplex assay 
service section (Millipore, St. Charles, MO). These samples 
were also run in duplicates and analyzed with BCA protein 
assay kit (Pierce Biotechnology, Rockford, IL). Again, the 
average value of the duplicates is reported.
Figure 1 surgical stabilization radiograph (general electronic model Discovery 
XR650,  Fairfield,  cT)  following  injury  and  euthanization,  demonstrating  typical 
femur fracture pattern caused by the blunt guillotine and appropriate placement of 
intramedullary fixation.
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Lung histology
Lung tissue was harvested from animals immediately after 
sham procedure, at 6 hours and 24 hours following bilateral 
femur fracture and fixation. Lung tissue was fixed in 10% 
buffered formalin, processed for histological examination and 
embedded in paraffin. 4 micron sections were cut, stained with 
hematoxylin and eosin and reviewed by a single pathologist, 
blinded to sample type. Digital images were taken of rep-
resentative areas using an Olympus DP12 digital camera 
microscope with an Olympus BX41 light and daylight filter 
(Leeds Precision Instruments, Minneapolis, MN).   Leukocyte 
infiltration was evaluated and graded similar to previously 
published criteria.16 Briefly, leukocyte infiltration was 
assessed for parenchyma/alveolar regions after the entire lung 
section was examined and the most cellular area identified. 
The scoring system utilizing the most effected 400 × field 
was as follows: 0 = no extravascular leukocytes; 1 # 10 
leukocytes, 2 = 10–45 leukocytes, and 3 $ 45   leukocytes. 
Peribronchial and perivascular leukocyte infiltration was 
graded similarly with a 0–3 score. Small (0.1 mm or less) 
intermediate (.0.1–0.5 mm) and large (.0.5 mm) caliber 
bronchial and vessels were examined and separately graded. 
The presence of pulmonary edema was graded as 0 = none, 
1 = focal, 2 = multifocal, and 3 = diffuse. Degenerative alveo-
lar structures were present if distended alveolar spaces with 
degenerative/reactive pneuomocytes were identified. Fluid 
in alveolar spaces was also evaluated.
Lung wet-to-dry ratio
Lung wet-to-dry ratio was conducted by harvesting the right 
upper lung lobe and measuring lung weight immediately after 
tissue harvest. Lungs were placed into a 70°C incubator for 
72 hours and then reweighed. The ratio of the wet-to-dry 
weight was obtained and data was analyzed.
Statistical analyses
Statistical analysis was performed using the software package 
Systat 11 (Systat Software, Inc., San Jose, CA). One-way 
ANOVA was performed using Tukey’s post-hoc test. The 
results are considered as significant at P , 0.05.
Results
analysis of serum inflammatory markers
As illustrated by Figure 3, the effect of bilateral rat femur 
fracture with fixation demonstrated a significant change from 
baseline in serum levels of inflammatory markers. Compared 
with sham animals, fracture caused the significant increase 
in serum levels of IL-2, IL-6, IL-10, GM-CSF, KC/GRO, 
MCP-1, and WBC. Increase in levels of IL-6 and KC/GRO 
occurred at 6 hours post injury before returning to baseline 
at 24 hours. Elevation of serum IL-2 and GM-CSF were 
found at 24, 48, and 72 hours post injury. IL-10 and WBC 
levels were found to be significantly elevated at 24 hours 
post fracture. MCP-1 levels were elevated at 24 and 48 hours 
before returning to baseline at 72 hours.
analysis of pulmonary inflammatory 
markers
In animals sustaining bilateral femur fracture with fixation, 
lung levels of the inflammatory markers KC/GRO and IL-1a 
were found to be significantly increased compared with sham 
injury animals at 6 hours after injury. Lung levels of IL-6 
were associated with a trend towards increased lung levels 
at 24 and 72 hours post-injury (Figure 4). Figure 5 illustrates 
the difference between serum and lung levels of KC/GRO 
and IL-6. Notably, a significant increase in levels of GRO/
KC in both serum and lung tissue occurred at 6 hours after 
injury.
histological analysis of pulmonary tissue
Lung tissues from animals euthanized 6 hours   post-injury 
were found to have significant microscopic changes 
  (Figures 6A, 6B, and 6C). These changes included paren-
chymal and alveolar leukocyte infiltration, perivascular 
leukocyte infiltration, pulmonary edema and bone marrow 
elements including cellular hematopoietic cells, fat cells, 
and in some cases, bone fragments (Figure 6D). Animals 
euthanized at 24 hours also demonstrated pathologic changes, 
including parenchymal and alveolar leukocyte infiltration, 
peribronchial leukocyte infiltration, and reduced but pres-
ent levels of pulmonary edema and bone marrow emboli 
compared with controls. Of note, animals sacrificed at 6 hours 
after injury demonstrated increased levels of perivascular 
leukocyte infiltration when compared with controls, a finding 
not seen in the 24-hour group. Conversely, the 24-hour group 
demonstrated increased levels of peribronchial leukocyte 
infiltration, which was not seen in the 6-hour group.
Wet-to-dry analysis
Wet-to-dry measurements on rat lungs were analyzed, and 
the 6-hour and 24-hour groups were compared with the sham 
group. These samples did not demonstrate any statistically 
significant difference in wet-to-dry ratio when compared 
with the sham group.Journal of Inflammation Research 2010:3 submit your manuscript | www.dovepress.com
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Discussion
The use of cytokines and other markers of inflammation as 
outcome prediction tools have the potential for clinical use 
in a variety of medical fields. During treatment of trauma, 
  screening post-injury inflammatory biochemical markers is 
becoming increasingly investigated and has shown the potential 
for clinical use in medicine, including identification of optimal 
timing for traumatic wound closure,17 predicting mortality in 
patients after severe traumatic brain injury,18 and predicting the 
development of multiorgan failure.19 It is well established that 
inflammatory-associated lung injury represents a major source 
of mortality following serious orthopedic trauma.1,2 Assessment 
of inflammatory markers during heightened systemic inflam-
matory response, as well as inflammatory-related pulmonary 
injury, may assist in determining appropriate resuscitation and 
optimizing the timing of surgical intervention.
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A clinical study report has shown the mortality rate of 
30% following femoral shaft fractures.20 In rodent studies, 
previous investigations have shown that bilateral femur 
  fracture with fixation results in inflammatory-associated 
injury to lung tissue.14,20 Our findings indicate that bilateral 
femur fracture with stabilization results in the significant 
elevation of a number of clinically important markers of 
inflammation in both serum and lung tissue. Significantly 
elevated serum levels of the human IL-8 homolog, KC/
GRO (CINC-1), was the only marker that also demonstrated 
significantly increased post-injury levels in lung tissue. Both 
serum and lung levels of this cytokine were found to be 
significantly elevated at the same time point (6 hours) after 
injury. IL-6 levels in pulmonary tissue were associated with 
an increased trend, but did not reach significance.
Elevation of serum and lung inflammatory markers after 
bilateral femur fracture with stabilization also coincided with 
significant histological changes in lung tissue.   Compared with 
controls, animals euthanized 6 hours after injury were found 
to have parenchymal and alveolar leukocyte infiltration, 
perivascular leukocyte infiltration, pulmonary edema and 
bone marrow emboli. Injured animals euthanized at 24 hours 
also demonstrated microscopic changes when compared with 
sham animals; however, these changes had dissipated sub-
stantially from those found at 6 hours post-injury. Increased 
serum and lung levels of KC/GRO (CINC-1) was reported 
to occur at the same time point in which the most significant 
changes in lung histology were observed (6 hours post-
injury), although it is unclear if either the extremity or lung 
injury was the precipitous for this finding.
Murine growth-related oncogene (GRO) and chemokine 
CXCL1 (also termed KC) are members of same chemoat-
tractant cytokine family as human IL-8, and demonstrate 
structural and functional homology to IL-8.21 Human 
IL-8 is a potent neutrophil chemoattractant and possesses 
  neutrophilic activating properties resulting in the stimulation 
of phagocytosis, the generation of superoxide radicals, and 
the degranulation of cytoplasmic granules.22 In a pulmonary 
tissue injury model (lung reperfusion syndrome), elevation 
in IL-8 levels were associated with neutrophil infiltration 
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into lung tissue and increased levels of neutrophils in 
  bronchoalveloar lavage fluid, suggesting that IL-8 is a major 
mediator involved in neutrophil recruitment and neutrophil-
dependent tissue damage.23 In addition to the pulmonary 
injury, fracture fluid (hematoma combined with fracture-
generated cellular debris) released into circulation has been 
shown to contain significant levels of IL-8 and initiates the 
release of oxidative mediators (respiratory burst) within 
pulmonary tissue.24 Clinically, IL-8 levels have been shown 
to be elevated in traumatic deaths,7 but not in nontraumatic 
deaths, and serum levels at admission have been identified 
as the most important determinant of post-injury mortality 
in children following blunt trauma.8
Histological analysis in this study demonstrated patho-
logic changes in pulmonary tissue following bilateral femur 
fracture with fixation. These changes notably consisted of 
perivascular leukocyte infiltration (at 6 hours), possibly 
as a result of fracture elements lodging in pulmonary ves-
sels, with accompanying vascular congestion and early 
pulmonary edema. As these bone elements are cleared, 
leukocytes migrate into peribronchiolar tissue, as seen in 
lung tissue samples at 24 hours post-injury. These findings 
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correlate with results published by Yamamoto regarding 
the pathogenesis of pulmonary bone marrow embolism.25 
In his study, Yamamoto examined pulmonary changes 
in rabbits during a 24-hour period after infusing 500 mg 
of allogeneic bone marrow into the venous system. The 
author found that pulmonary leukostasis was highest at 
5–10 hours after infusion, but by 24 hours had decreased 
considerably. In perivascular connective tissue, the author 
reported that edema and inflammatory cell infiltration may 
have occurred as a result of increased vascular   permeability. 
Although this mechanism was not investigated further, 
mechanical injury to vascular endothelial cells as a result of 
bone marrow and fragment emboli could lead to increased 
vascular congestion, permeability, and the accumulation 
of leukocytes in the pulmonary vessels. Systemically and 
locally, pulmonary neutrophil infiltration has been linked to 
the cytokine IL-8.23,24 Although not formally investigated, 
heightened levels of IL-8 seen in this study may be secondary 
to pulmonary vascular congestion and perivascular leukocyte 
infiltration (although the amount of marrow emboli was not 
quantified), which can be associated with long bone fracture 
or reperfusion.
In the current investigation, pathological alterations 
occurred in pulmonary tissue after bilateral femur fracture 
with fixation; however, the clinical significance of these 
specific changes cannot be determined. Previous studies 
examining pulmonary injury with an isolated fracture 
model have found marrow fat embolus to the lungs to be 
transient and not clinically significant.26 Conversely, when 
associated with thoracic trauma, fat embolus from long 
bone fracture has been shown to contribute to impaired 
pulmonary function.27 Additionally, although pulmonary 
histological changes resulting from orthopedic trauma may 
not necessarily be clinically important primarily, pulmonary 
injury potentially predisposes the patient to adverse out-
comes from a second hit mechanism, including operative 
C D
Figure 6 histology slides of pulmonary tissue at 6 hours and 24 hours sham and post-injury. A) normal alveolated lung parenchyma with normal bronchiolar vascular 
structures (400 × h&e), B) Perivascular leukocyte infiltration at 6 hours after femur fracture, grade II (200 × h&e), C) Peribronchiolar leukocyte infiltration at 24 hours 
after femur fracture, grade I (1000 × h&e), and D) Bone marrow embolus filling vascular lumen (h&e stain 400 × ).
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procedures.3,5 In this study, both serum and lung levels of the 
human IL-8 homolog, KC/GRO (CINC-1), were shown to be 
significantly elevated at the same time point after orthopedic 
trauma that histological changes was identified in pulmonary 
  tissue (6 hours post-injury). Levels of this marker returned 
to baseline as perivascular leukocyte infiltration cleared and 
lung changes dissipated. Little is known of the importance of 
isolating specifically elevated cytokine levels in pulmonary 
tissue when determining magnitude of lung inflammation 
response, other than these markers that are representative of 
an inflammatory process. Results from this study indicate that 
serum IL-8 levels (or in the murine model, GRO/KC) may 
be a useful inflammatory marker to evaluate for indications 
of pulmonary inflammation after orthopedic trauma.
There are several limitations to this study. To begin with, 
this study is based on the rodent model. The timing and 
magnitude of the inflammatory response following injury 
in rodents is likely different than that occurring in humans. 
However, used as a proof of concept model, this information 
adds to our understanding of the immunobiology of traumatic 
injury and gives us a platform to design clinical-based studies 
to better understand this important phenomenon in critically 
injured patients. Further, our injury model required femur 
fixation to occur at the same time as fracture, which clearly 
deviates from the typical clinical timeline of a trauma patient 
requiring operative fixation. This model was used primar-
ily because pinning of fractures at time of injury was an 
IACUC requirement established to protect animal welfare 
(ability to eat and drink post-injury). In addition, this model 
has been established as an accepted closed femur fracture 
model within the literature.15 Although this model deviates 
from the typical clinical timeline of most trauma patients, 
we believe that our model still adequately represents the 
inflammatory response following bilateral long bone fracture 
secondary to the mechanism of fracture (blunt guillotine) 
with associated soft tissue injury. Lastly, the results of this 
study do not provide sufficient information to determine the 
clinical significance or outcome associated with elevated 
inflammatory markers or pulmonary histological changes 
following bilateral femur fracture with fixation. Although 
clinical studies are required, we believe that information 
gained from this study will eventually be applied to the 
clinical evaluation of the inflammatory status in polytrauma 
patients with long bone fractures.
In conclusion, results of this study indicate that bilateral 
femur fracture with stabilization in rats causes an increase 
in measureable serum markers of inflammation. Among the 
inflammatory markers screened, the rise in serum KC/GRO 
(CINC-1), homolog to human IL-8, was found to correlate 
with elevation in levels in pulmonary tissue, both occurring 
at the earliest time point post-injury (6 hours). The rise in 
serum and lung levels of this inflammatory marker also 
correlated with histological changes in pulmonary tissue. 
These histological changes were consistent with inflamma-
tory injury, including parenchymal and alveolar leukocyte 
infiltration, perivascular leukocyte infiltration, pulmonary 
edema, and bone marrow emboli. After 24 hours, serum 
and lung levels of KC/GRO (CINC-1) returned to baseline 
with resolving histological changes. Thus, in this particular 
rat model, serum analysis of human IL-8, homolog to rat 
KC/GRO (CINC-1), may provide an accessible marker 
with potential for evaluating inflammatory-associated lung 
changes following significant orthopedic injury. Ultimately, 
this marker may be useful as an adjunct to help guide clinical 
decisions regarding surgical timing.
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